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MANAGING SPOOL BEARING LOAD USING
VARIABLE AREA FLOW NOZZLE

BACKGROUND OF THE INVENTION

[0001] This application relates to turbine engine bearings.
More particularly, the application relates to bearing load man-
agement in a turbofan turbine engine, for example.

[0002] One typical turbofan engine includes high and low
spools. A fan is coupled to the low spool, which also supports
a low pressure compressor and low pressure turbine, for
example. In one example, a high pressure compressor and
high pressure turbine are coupled to the high spool. The low
and high spools are supported within a housing provided by
an engine core using bearings. In one example, engine core is
covered by a core nacelle.

[0003] Some turbofan engines include a bearing load sen-
sor in communication with a thrust bearing. The axial loads at
the thrust bearing are recorded for maintenance purposes, for
example. The bearing loading is not actively managed in
response to any measured bearing load.

[0004] Some turbofan engines include a gear train arranged
between one portion of the low spool, which supports the low
pressure turbine, and another portion of the low spool that
supports the fan. These types of geared turbofan engines can
result in large bearing thrust loads that are substantially
higher than non-geared turbofan engines. What is needed is
an apparatus and method of actively managing bearing loads
in a turbine engine.

SUMMARY OF THE INVENTION

[0005] A turbine engine provides a spool supporting a tur-
bine. The spool is arranged in an engine core and supported on
bearings, which includes a thrust bearing. The engine core is
covered by a core nacelle. A fan is arranged upstream from the
core nacelle and is coupled to the spool. A fan nacelle sur-
rounds the fan and core nacelle and provides a bypass flow
path that includes a fan nozzle exit area. A flow control device
is adapted to effectively change the fan nozzle exit area. A
controller is programmed to monitor the thrust bearing and
command the flow control device in response to an undesired
load on the thrust bearing. Effectively changing the fan nozzle
exit area with the flow control device actively manages the
bearing thrust load to desired levels.

[0006] These and other features of the application can be
best understood from the following specification and draw-
ings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a cross-sectional view of an example
geared turbofan engine.

[0008] FIG. 2 is a schematic view of an example flow
control device used to manage bearing loads.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0009] A geared turbofan engine 10 is shown in FIG. 1. A
pylon 38 supports the engine 10 on an aircraft. The engine 10
includes a core nacelle 12 that houses a low spool 14 and high
spool 24 rotatable about an axis A. The low spool 14 supports
a low pressure compressor 16 and low pressure turbine 18. In
the example, the low spool 14 drives a fan 20 through a gear
train 22. The high spool 24 supports a high pressure compres-
sor 26 and high pressure turbine 28. A combustor 30 is
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arranged between the high pressure compressor 26 and high
pressure turbine 28. Compressed air from compressors 16, 26
mixes with fuel from the combustor 30 and the combustion
gases are expanded in turbines 18, 28.

[0010] In the examples shown, the engine 10 is a high
bypass turbofan arrangement. In one example, the bypass
ratio is greater than 10:1, and the fan diameter is substantially
larger than the diameter of the low pressure compressor 16.
The low pressure turbine 18 has a pressure ratio that is greater
than 5:1, in one example. The gear train 22 is an epicycle gear
train, for example, a star gear train, providing a gear reduction
ratio greater than 2.5:1. It should be understood, however, that
the above parameters are only exemplary of a contemplated
geared turbofan engine. That is, the invention is applicable to
other engines including direct drive fans.

[0011] Airflow enters a fan nacelle 34, which surrounds the
core nacelle 12 and fan 20. The fan 20 directs air into the
engine core 17, which is covered by the core nacelle 12. The
air is used to drive the turbines 18, 28, as is known in the art.
Turbine exhaust E exits the engine core 17 and core nacelle 12
once it has been expanded in the turbines 18, 28, in a passage
provided between the core nacelle and a tail cone 32.

[0012] The core nacelle 12 is supported within the fan
nacelle 34 by structure 36, which are commonly referred to as
upper and lower bifurcations. A generally annular bypass
flow path 39 is arranged between the core and fan nacelles 12,
34. The example illustrated in FIG. 1 depicts a high bypass
flow arrangement in which approximately eighty percent of
the airflow entering the fan nacelle 34 bypasses the core
nacelle 12. The bypass flow B within the bypass flow path 39
exits the fan nacelle 34 through a fan nozzle exit area 40.
[0013] For the engine 10 shown in FIG. 1, a significant
amount of thrust may be provided by the bypass flow B due to
the high bypass ratio. Thrust is a function of density, velocity
and area. One or more of these parameters can be manipulated
to vary the amount and direction of thrust provided by the
bypass flow B. In one example, the engine 10 includes a
structure associated with the fan nozzle exit area 40 to change
the physical area and geometry to manipulate the thrust pro-
vided by the bypass flow B. However, it should be understood
that the nozzle exit area may be effectively altered by other
than structural changes, for example, by altering the bound-
ary layer, which changes the flow velocity. Furthermore, it
should be understood that any device used to effectively
change the nozzle exit area is not limited to physical locations
near the exit of the fan nacelle 34, but rather, includes altering
the bypass flow B at any suitable location.

[0014] The engine 10 has a flow control device 41 that is
used to effectively change the nozzle exit area. In one
example, the flow control device 41 provides the fan nozzle
exit area 40 for discharging axially the bypass flow B pres-
surized by the upstream fan 20 of the engine 10. A significant
amount of thrust is provided by the bypass flow B due to the
high bypass ratio. The fan 20 of the engine 10 is designed for
a particular flight condition, for example, typically cruise at
0.8M and 35,000 feet (10,668 m). In one example, the flow
control device 41 provides an approximately 20% change in
the fan nozzle exit area 40.

[0015] In one example, the fan nacelle 34 includes mem-
bers such as multiple hinged flaps 42 (one shown) arranged
circumferentially about the rear of the fan nacelle 34. The flap
42 is shown schematically in FIG. 2 rotatable about a pivot P.
The flaps 42 can be actuated independently and/or in groups
angularly using actuators 46, for example. Alternatively, the



